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(54) Permanently mounted reference sample for a substrate measurement tool 



(57) A method and apparatus for measuring a refer- 
ence sample in order to collect a reference characteris- 
tic, without moving the reference sample, is disclosed. 
In one embodiment, the method of the present invention 
comprises the following steps. An operator places a cas- 
sette of unprocessed wafers into a processing chamber 
of a processing tool that also includes a holding cham- 
ber (400). While the wafers are being processed, the 
holding chamber, which is coupled to a measurement 
tool, measures the reference sample (403) that is 
mounted on a stage (401) in the holding chamber. The 
resulting reference characteristic value (e.g., spectrum 
to determine film thickness) is then stored in the meas- 
urement tool's computer system. After a film is grown/ 
formed on the wafers, the processed wafers are moved 



one by one into the holding chamber to be measured. 
A first wafer (502) is placed on the stage (401) in the 
holding chamber and a characteristic value for the first 
processed wafer is obtained using the measurement 
tool. The computer system of the measurement tool us- 
es an algorithm to compare the reference characteristic 
value to the first wafer characteristic value to obtain a 
first differential value. The first differential value is then 
used to help determine the characteristic (e.g., film 
thickness) of the film formed on the first processed wa- 
fer. In another embodiment, a similar process is followed 
to measure another characteristic of a wafer, such as 
resistivity. These examples are illustrative and not lim- 
iting. Thus, the present invention can be used whenever 
a reference sample is to be measured to help determine 
a selected characteristic of a substrate or wafer. 
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Description 

The present invention relates generally to semicon- 
ductor manufacturing. More specifically, the present in- 
vention pertains to a reference sample mounted on a $ 
stage to allow convenient access to the reference sam- 
ple during collection of a reference sample spectrum. 

During the manufacturing of semiconductor devic- 
es, a film (e.g., an epitaxy or an oxide layer) is formed 
on a wafer surface. After the film is formed on the wafer, 10 
a characteristic of the film, such as film thickness is 
measured to determine if the desired film thickness is 
achieved. A flow chart of a prior art method of determin- 
ing film thickness is illustrated in Figures 1 A-B. Begin- 
ning with Fig. 1A and step 101, an operator places a »5 
cassette of unprocessed wafers into a processing tool. 
The processing tool typically has several chambers and 
each chamber performs a different function. For in- 
stance, the film is formed on the wafer in a processing 
chamber and in some cases, the wafer is then cooled 20 
in a holding or cooling chamber before it is removed from 
the processing tool. A film of a predetermined target 
thickness is grown/formed on the wafers in a processing 
chamber of the processing tool in step 103. In step 105, 
the operator removes the cassette of processed wafers 25 
from the processing tool and brings the cassette of proc- 
essed wafers to a film thickness measurement tool. Be- 
cause the operator removes the wafers from the 
processing tool before measuring the film thickness 
formed on the wafers and then measures the processed 30 
wafers in a separate measurement tool, this is an off- 
line process. 

The operator, however, often places a reference 
sample in the film thickness measurement tool to obtain 
a reference spectrum in step 107, before measuring the 35 
spectrum of a processed wafer. Once the operator has 
obtained a reference spectrum for the reference sam- 
ple, then in step 109, the operator removes the refer- 
ence sample from the film thickness measurement tool. 
In step 111, the operator places one of the processed *o 
wafers (e.g., a first processed wafer) into the film thick- 
ness measurement tool to obtain a spectrum for that (e. 
g., first) processed wafer. The film thickness measure- 
ment tool typically uses infrared radiation that is directed 
toward the processed wafer and then reflected off the 45 
processed wafer to collect a spectrum for that particular 
wafer. In step 113, a computer system, which has al- 
ready stored the reference sample's spectrum, com- 
pares the reference sample's spectrum to the (e.g. , first) 
processed wafer's spectrum. In Figure 1 B and step 115, 50 
the comparison between the reference sample's spec- 
trum and the first processed wafer's spectrum yields a 
first differential value that helps determine the thickness 
of the film on the (e.g., first) processed wafer. 

In step 117, the operator removes the measured 55 
(first) processed wafer from the film thickness measure- 
ment tool. The operator, in decision diamond 119, must 
decide whether she or he is finished measuring proc- 



essed wafers. If the answer is "yes", then the process 
ends. If on the other hand, the answer is "no", then the 
next step is decision diamond 121, where the operator 
must decide whether to remeasure the reference sam- 
ple to collect another reference spectrum. If the operator 
decides to remeasure the reference sample, then the 
process returns to step 107, where the operator again 
places the reference sample in the film thickness meas- 
urement tool. The process repeats itself again from 
steps 107 through step 117 but with the replacement of 
a "second processed wafer" for a "first processed wafer. 
" Step 1 07 th rough step 1 1 7 are repeated for each meas- 
ured processed waler. A spectrum for a particular proc- 
essed wafer and a reference spectrum are necessary 
to determine the film thickness on that particular proc- 
essed wafer 

If the operator decides not to remeasure the refer- 
ence sample, then in decision diamond 123, the opera- 
tor decides again whether to measure another proc- 
essed wafer. If the answer is "no", the process ends. But 
if the answer is "yes", then the process returns to step 
111. Once again, in steps 113, 115 and 117, "a (first) 
processed wafer" should be replaced with "a (second) 
processed wafer." The operator must place the refer- 
ence sample in the film measurement tool each time be- 
fore collecting the reference sample's spectrum and 
then remove the reference sample each time before 
measuring the processed wafer. Thus, an operator must 
handle the reference sample numerous times during the 
film thickness measurement process. 

A process, similar to the flow chart shown in Figs. 
1 A-1 B, can be used to measure another film character- 
istic, such as film resistivity. Instead of a film thickness 
measurement tool, the operator uses a film resistivity 
measurement tool. The process of measuring film resis- 
tivity, however, also suffers from the same drawbacks. 

Therefore, the prior art method of measuring the ref- 
erence sample suffers from several disadvantages. 
First, there is a decrease in throughput as the placement 
of a reference sample in the measurement tool displac- 
es a processed wafer. Second, increased operator han- 
dling of the reference sample and wafer leads to a great- 
er incidence of handling or contamination errors. This is 
because the operator must handle the reference sample 
and wafer every time they are placed in the measure- 
ment tool and every time they are removed from the 
measurement tool. Third, there is a throughput de- 
crease because of the impact on the processing tool or 
computer system each time the reference sample must 
be moved when a reference spectrum is collected. 

Thus, it is desirable to have a method of measuring 
a relerence characteristic without moving the reference 
sample on and off a stage in a measurement tool each 
time the reference sample is measured. 

The present invention describes a method and ap- 
paratus for easily measuring a reference sample that is 
disposed within a measurement tool. Because the ref- 
erence sample can be mounted to a stage disposed 
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within the measurement tool, in one embodiment, an op- 
erator does not need to transfer the reference sample 
to the measurement tool before collecting a reference 
spectrum. Thus, in one embodiment, the reference sam- 
ple is available to be measured whenever the measure- s 
ment tool is not measuring a substrate. 

The present invention can be implemented as an 
in-line process in which the reference sample is dis- 
posed within a holding or evaluation chamber that is part 
of a larger process or cluster tool. The holding or eval- 10 
uation chamber, in one embodiment, can include a film 
thickness measurement tool or a film resistivity meas- 
urement tool. In addition, the present invention can also 
be utilized as part of an off-line process in which the ref- 
erence sample is disposed within a stand-alone meas- 15 
urement tool that is not coupled to a process chamber 
as part of a cluster tool. In other words, an operator must 
bring a processed substrate or wafer to the measure- 
ment tool in order to measure the processed substrate. 

According lo an in-line embodiment, the reference &> 
sample is permanently mounted to a stage of a holding 
chamber that is part of a processing tool. Permanently 
mounted does not mean that the reference sample can- 
not be removed, when necessary, from the holding 
chamber. Instead permanently mounted implies that the 25 
reference sample does not have to be reintroduced into 
the holding chamber each time before collecting a ref- 
erence characteristic (e.g., resistivity of the reference 
sample). 

In one embodiment, a substrate processing tool 30 
comprises a processing chamber, a holding chamber 
coupled to the processing chamber and a measurement 
tool coupled to the holding chamber. An operator places 
a cassette of substrates (e.g., wafers) into the process- 
ing chamber so that a film can be grown/formed on each 35 
substrate. While the holding chamber is empty, the 
measurement tool measures a reference sample that is 
mounted on a stage within the holding chamber to col- 
lect a reference characteristic (e.g., spectrum). After a 
film has formed on a substrate, the substrate is auto- *o 
matically transferred to the holding chamber. The meas- 
urement tool is then used to measure a characteristic of 
the substrate. A computer system, coupled to the meas- 
urement tool in one embodiment, compares the refer- 
ence sample's characteristic value to the substrate's 4 $ 
characteristic value to obtain a differential value that 
helps determine a characteristic of the film formed on 
the substrate, such as film thickness. 

One advantage of a permanently mounted refer- 
ence sample is that the reference sample can be easily so 
and conveniently measured whenever a substrate is not 
being measured in the holding chamber. This enables 
the reference spectrum to correct for instrumental drift 
over time and thus, helps avoid inconsistencies in meas- 
uring the film thickness of the substrates when the char- 5 - 
acteristic measured is film thickness. This general prin- 
ciple also applies when the characteristic measured is 
film resistivity. Moreover, the permanently mounted ref- 



erent - sample does not negatively impact throu; ->ut 
bee?- e th reference sample does not otherwise oc- 
cupy a production cassette slot and therefore, does not 
displace a substrate. In addition, there is no adverse ef- 
fect on the substrate handling hardware or computer 
system because the operator does not need to move 
the reference sample before and after each reference 
sample measurement. 

The present invention is illustrated by way of exam- 
ple and not a limitation in the figures of the accompany- 
ing drawings in which like references indicate similar el- 
ements. In addition, some of the elements in the figures 
are not drawn to scale and may appear larger for the 
sake of clarity. 

Figure 1A is a flow chart of prior art method of 
measuring film thickness on a substrate. 

Figure 1 B is a continuation of the flow chart of Fig. 

1A. 

Figure 2 is a flow chart illustrating an exemplary in- 
line embodiment of the present invention. 

Figure 3 is a flow chart illustrating an exemplary off- 
line embodiment of the present invention. 

Figure 4 illustrates one embodiment for measuring 
film thickness using the present invention. 

Figure 5 illustrates another embodiment for meas- 
uring film thickness using the present invention. 

Figure 6 illustrates an embodiment for measuring 
film resistivity. 

Figure 7 illustrates another embodiment for meas- 
uring film resistivity. 

A method and apparatus is described for conven- 
iently measuring a permanently mounted reference 
sample to collect a reference spectrum. In the following 
description, numerous specific details are given to pro- 
vide a thorough understanding of the invention. It will, 
however, still be apparent to one skilled in the art that 
the invention may be practiced without these specific 
details. Moreover, in some instances, well-known sem- 
iconductor equipment and processes have not been set 
forth in detail in order not to unnecessarily obscure the 
present invention. 

The present invention allows the reference sample 
to be readily available so that an operator does not need 
to transfer the reference sample to a stage prior to 
measuring and collecting the reference spectrum or the 
reference's resistivity. It is to be appreciated that the 
present invention can also be used for measuring and 
collecting other characteristics of the reference sample. 
The present invention provides several advantages 
over the prior art. First, the reference sample does not 
occupy a production cassette slot that would otherwise 
be occupied by a wafer. Therefore, there is no negative 
impact on wafer throughput due to the reference sam- 
ple. Second, there is no n gative impact on the wafer 
handling hardware or computer because the reference 
sample does not need to be removed before or after a 
measurement. In addition, the present invention allows 
easy and convenient m asurement of the reference 
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sample before measuring a processed substrate or wa- 
fer without impacting throughput. Thus, for example, the 
reference spectrum can be easily updated so that incon- 
sistencies in the film thickness results are avoided. Fi- 
nally, because the reference sample can be part of the 
measurement tool, it is possible for the computer soft- 
ware to measure the reference sample automatically 
without ever requiring an operator do so explicitly. 

One embodiment of an exemplary in-line process 
for measuring film thickness utilizing the present inven- 
tion is illustrated in a flow chart in Figure 2. In step 200, 
an operator places a cassette of unprocessed wafers 
into a processing chamber of a processing tool. In one 
embodiment, the processing tool is an Epi Centura, 
which is manufactured by Applied Materials of Santa 
Clara, CA 95051 . While the wafers are being processed, 
in step 202, the holding chamber, which is coupled to a 
measurement tool, measures (e.g., optically) the spec- 
trum of a reference sample (using the film thickness 
measurement tool). The reference sample is mounted 
on a stage in the holding chamber and does not occupy 
a production slot in a cassette as in the prior art. In one 
embodiment, the reference sample can be a piece of 
silicon or any reflective surface that does not have the 
same film thickness as the processed wafer. This is be- 
cause the reference sample's spectrum needs to be dis- 
tinguishable from the processed wafer's spectrum in or- 
der to determine the wafer's film thickness. In step 204, 
the reference sample's spectrum is stored in the meas- 
urement tool's computer system. In one embodiment, 
the film thickness measurement tool is a Fourier Trans- 
form infrared Radiation (FTIR) film thickness monitor 
that is manufactured by On-Line Technologies, Ltd., lo- 
cated in East Hartford, CT 06108. 

After a film has grown/formed on the wafers, the 
processed wafers can be automatically moved one by 
one from the processing chamber into the holding cham- 
ber in step 205. The film formed can be selected from 
an exemplary group consisting of epitaxy, undoped 
polysilicon, doped and undoped capped polysilicon and 
silicon geranium. This list of possible films is meant to 
be illustrative and not limiting. In step 208, a first wafer 
is placed on the stage in the holding chamber and a 
spectrum for the first wafer is obtained using the meas- 
urement tool. When the spectrum for the first wafer is 
being collected, the measurement tool does not meas- 
ure the reference sample. It is to be appreciated that in 
another embodiment, the measurement tool may meas- 
ure the first wafer and the reference sample simultane- 
ously on different stages. In step 210, the computer sys- 
tem of the measurement tool uses an algorithm which 
is well-known in the art to compare the reference sample 
spectrum to the first wafer spectrum to obtain a first dif- 
ferential value. The algorithm used may vary depending 
on different factors, such as the kind of reference sam- 
ple used. It will be apparent that the computer system 
of the processing tool can also be used to make the com- 
parison between the two spectra. In step 212, the first 



differential value helps determine th thickness of the 
film formed on the first processed wafer. 

The measurement tool can be programmed to au- 
tomatically remeasure the reference sample to collect 

s another reference spectrum after the first processed wa- 
fer is removed from the measurement tool. Or the meas- 
urement tool can be programmed to remeasure the ref- 
erence sample periodically after a preselected interval 
of time has passed (e.g., every four hours). In addition, 

10 in one embodiment, a second processed wafer may be 
measured and placed in the measurement tool after the 
first wafer is removed. If the relerence spectrum is re- 
measured, then this updated reference spectrum is 
used by the computer system to compare with the sec- 

15 ond wafer spectrum in determining the film thickness 
formed on the second wafer. If a new reference spec- 
trum is not collected, the computer system compares 
the second wafer spectrum to the original reference 
spectrum in order to measure the film thickness formed 

20 on the second wafer. Thus, an operator can program the 
measurement tool to eventually measure each proc- 
essed wafer from the cassette. 

The measurement of the reference spectrum is af- 
fected by environmental variables such as, the temper- 
as ature in the lab or the humidity of the lab in which the 
measurement tool is placed. Therefore, an operator 
may choose to remeasure the reference sample before 
measuring another processed wafer because the meas- 
uring conditions for the wafer need to be similar to the 

30 measuring conditions for the reference sample to accu- 
rately measure the wafer's film thickness. The thinner 
the film formed on the wafer (e.g., less than a micron) 
then the greater the need to remeasure the reference 
sample's spectrum. For example, if the film formed on 

35 the wafer is less than a micron, the software for the 
measurement tool can be set to automatically measure 
the reference sample in-between each measurement of 
a processed wafer. It is to be appreciated that the 
present invention is not limited to measuring the film 

40 thickness on a wafer but is also applicable to films 
formed on other substrates. In addition, the present in- 
vention can also be used with a different measurement 
tool that measures another characteristic, such as film 
resistivity according to a capacitance - voltage method. 

45 it will also be apparent that the present invention can be 
used as part of a processing tool in which films of differ- 
ent thicknesses are formed in separate processing 
chambers of the processing tool. 

Figure 3 illustrates a flow chart of an exemplary off- 

50 Hne embodiment for measuring film thickness using the 
present invention. In step 300, the film thickness meas- 
urement tool measures the spectrum of a reference 
sample that is already disposed within the film thickness 
measurement tool. The reference sample can be a 

55 piece of silicon or any reflective surface that does not 
have the same film thickness as the processed wafer to 
be measured. In a preferred embodiment, the stage of 
the measurement tool can be cut so that a slight recess 
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for the reference sample is created in the stage. In step 
301 , the reference sample's spectrum is stored in the 
measurement tool's computer system. An operator then 
brings a processed wafer to the measurement tool and 
places it on the stage. When the processed wafer is on 
the stage, the measurement tool, in one embodiment, 
does not measure the reference sample. In step 303, 
the measurement tool measures the spectrum of a (e. 
g., first) processed wafer. The computer system of the 
measurement tool, in step 305, uses an algorithm, which 
is well-known in the art, to compare the reference sam- 
ple's spectrum to the (e.g., first) processed wafer's spec- 
trum to obtain a (e.g.. first) differentia! value. Instep 307, 
the (first) differential value helps determine a thickness 
of the film that is grown/formed on the (first) wafer during 
processing. The process now ends for the measure- 
ment of the film thickness of the first processed water. 

If a second wafer is to be measured, then the first 
processed wafer is removed from the measurement 
tool's stage. A second wafer is then placed on the stage 
of the measurement tool. The measurement tool meas- 
ures the spectrum of the second processed wafer. The 
computer system of the measurement tool compares 
the reference sample spectrum to the second proc- 
essed wafer spectrum to obtain a second differential val- 
ue. The second differential value helps determine the 
thickness of the film grown or formed on the second wa- 
fer. The computer system can be set to automatically 
measure the reference sample to obtain an updated rel- 
rence spectrum between wafer measurements in the 
measurement tool or periodically after a predetermined 
interval of time. If an updated reference spectrum is col- 
lected before measuring the second wafer, then the 
computer system compares the updated reference 
spectrum to the second wafer spectrum in order to ob- 
tain the second differential value. It is to be appreciated 
that a similar flow chart applies to measuring another 
characteristic, such as film resistivity according to the 
present invention. 

One embodiment of the present invention for meas- 
uring film thickness is illustrated in Figure 4. The holding 
chamber 400 can be a cool-down chamber that is part 
of a substrate or cluster processing tool, such as the Epi 
Centura or the Polycide Centura, which are both man- 
ufactured by Applied Materials of Santa Clara, CA 
95051 . Both exemplify an in-line metrology. In contrast, 
in an off-line metrology, the holding chamber 400 is a 
stand-alone film thickness measurement tool that is not 
part of a cluster tool, such as the Epi Centura. A refer- 
ence sample 403 rests in the recess of a chuck 405 that 
is part of a stage 401 disposed within the holding cham- 
ber 400. A source 407 provides a light signal, such as 
infrared radiation, that passes through a wall in chamber 
400 to the refer nc 403. Th light signal 413 direct d 
to the reference sample 403 is th n reflected 415 back 
to a detector 409. The detector 409 is coupled to a com- 
puter system 411. Th reference sample cannot be set 
too deep in stage 401 because the distance 413 be- 



tween the source 407 and the reference sample 403 
must be close to the distance 504 of Figur 5 between 
the source 407 and a wafer 502 for an accurate meas- 
urement. The computer system 411 includes a storage 

5 device for storing a reference spectrum and the spec- 
trum from each processed wafer that is measured. In 
addition, the computer system 411 includes a processor 
with an algorithm for comparing the reference sample's 
spectrum with each substrate's or wafer's spectrum. 

io Although the source and detector are shown out- 
side the holding chamber in Fig. 4, it is to be appreciated 
that the source 407 and the detector 409 can also be 
located within the holding chamber 400. In addition, 
source 407 and detector 409 do not have to be in a fixed 

*5 position as shown in Fig. 4. Furthermore, the computer 
system 411 can be part of the measurement tool, which 
includes holding chamber 400 or it can be part of a larger 
cluster or processing tool, such as the Epi Centura. 
Another embodiment of the present invention is il- 

20 lustrated in Figure 5. A wafer 502 is resting on pins 500 
so that the back of the wafer does not touch the refer- 
ence sample 403 that is recessed within the chuck 405. 
When the wafer is in the holding chamber 400, the 
source 407 projects a light signal 504 on the wafer 502 

25 which is then reflected 506 back to a detector 409. The 
detector is coupled to computer system 411. The com- 
puter system 411 can be part of the holding chamber 
400 as part of an off-line metrology or as part of a larger 
wafer processing tool that includes the holding chamber 

30 400 for an in-line metrology. If the holding chamber 400 
is part of a stand-alone measurement tool, then the com- 
puter system 411 is part of the measurement tool. But if 
holding chamber 400 is part of a larger processing tool, 
then computer system 411 can be part of the larger 

35 processing tool or part of the measurement tool. The de- 
tector 409 collects the spectrum resulting from the re- 
flected light signal 506 received from the wafer 502. The 
computer system 41 1 then uses an algorithm loaded on 
its processor to compare the reference's 403 spectrum 

40 to the wafer's 502 spectrum in order to obtain a differ- 
ential value. The algorithm can be, for example, a ratio 
that compares the reference's spectrum and the wafer 
spectrum to obtain the differential value. This differential 
value helps determine the thickness of the film formed 

45 on the wafer 502. 

One embodiment of the present invention that can 
be used for measuring film resistivity is shown in Figure 
6. The holding chamber 400 can be part of a cool-down 
chamber that is part of a substrate or a cluster process- 

50 ing tool in an in-line metrology. Or the holding chamber 
400 can be a stand-alone film resistivity measurement 
tool that is not part of a larger clustered tool, such as the 
Epi Centura. As similarly shown in Figures 4-5, a refer- 
ence sample 403 rests in the recess of a chuck 405 that 

55 is part of a stage 401 disposed within the holding cham- 
ber 400. In one embodiment, the reference sample 403 
can b a piece of silicon or any reflective surface that 
does not have the same characteristics as the proc- 
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essed wafer. A film resistivity measurement tool 600 that 
is nondestructive of the wafer and the reference sample 
403 is used to measure the resistivity of the reference 
sample 403. The film resistivity measurement tool 600 
can use, for example, a capacitance-voltage method, 
which is well-known in the art to measure the resistivity 
of the reference sample 403. The film resistivity meas- 
urement tool 600 can be coupled to computer system 
411. The computer system 41 1 includes the storage de- 
vice for storing the resistivity of the reference sample 
403 and the resistivity from a processed wafer that is 
measured. In addition, computer system 411 includes a 
processor that runs an algorithm for comparing the ref- 
erence sample's resistivity with the resistivity of a sub- 
strate or a wafer. The purpose of the comparison is to 
determine the resistivity of the wafer or substrate. 

Although the film resistivity measurement tool 600 
is shown inside the holding chamber 400 in Figs. 6 and 
7, it is to be appreciated that the film resistivity meas- 
urement tool 600 can also be located outside the holding 
chamber 400. Furthermore, although film resistivity 
measurement tool 600 is shown in Figs. 6-7 as not 
touching reference sample 403 or wafer 502 during a 
measurement, it 600 can touch reference sample 403 
or wafer 502 during a measurement in another embod- 
iment. In addition, the placement of reference sample 
403 is preferably close to the placement of the wafer or 
substrate to be measured in order to obtain an accurate 
measurement and comparison of the wafer's resistivity 
to the reference's resistivity. 

Figure 7 is similar to Figure 6 ; except that Fig. 7 
illustrates the film resistivity measurement tool 600 
measuring a wafer 502 that is resting on pins 500. The 
wafer or substrate 502 rests on pins 500 so that back of 
the wafer 502 does not contact the reference sample 
403 to avoid possible contamination. The computer sys- 
tem in Figure 6 is similar to the computer system 411 
illustrated in Figure 7. In addition, Figures 6 and 7 par- 
allel Figures 4 and 5. The only difference is that the film 
characteristic measured in Figures 4 and 6 is film thick- 
ness while the film characteristic measured in Figures 
6 and 7 is film resistivity. In either case, a permanently 
mounted reference sample provides the same advan- 
tages. For example, the reference sample does not oc- 
cupy a production cassette slot that would otherwise be 
occupied by a water. In addition, there is no negative 
impact on the waler handling hardware or computer be- 
cause the reference sample does not need to be re- 
moved before or after a measurement of the reference 
sample or of the wafer. Thus, the present invention al- 
lows easy and convenient measurement of the refer- 
ence sample, regardless of the characteristic to be 
measured, before measuring the processed wafer or 
substrate without negatively impacting throughput. 

In the above description, numerous specific details 
or examples are given to be illustrative and not limiting 
of the present invention. Thus, the present invention is 
not limited to measuring the film characteristics of film 



thickness and film resistivity. It will also be apparent to 
one skilled in the art that the invention may be practiced 
without these specific details. Moreover, in some in- 
stances, well-known semiconductor equipment and 
s processes have not been set forth in detail in order not 
to unnecessarily obscure the present invention. Thus, 
the method and apparatus of the present invention is 
defined by the appended claims. 
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Claims 

1. A substrate processing tool, comprising: 

a processing chamber for forming a film on a 
substrate; 

a holding chamber, coupled to said processing 
chamber, for holding said substrate alter said 
film is formed on said substrate; 

a measurement tool coupled to said holding 
chamber, wherein the measurement tool meas- 
ures a characteristic of said film formed on said 
substrate while said substrate is in said holding 
chamber; and 

a reference sample coupled to said holding 
chamber, wherein said reference sample can 
be measured by said measurement tool. 

2. The substrate processing tool of claim 1, wherein 
said measurement tool is capable of measuring 
said reference sample and said substrate to obtain 
a characteristic value for said reference sample and 
said substrate after a film is formed on said sub- 
strate. 

3. The substrate processing tool of claim 2, wherein 
said measurement tool includes a computer system 
that is capable of comparing said reference sam- 
ple's characteristic value to said substrate's charac- 
teristic value to determine the characteristic of said 
film on said substrate. 

4. The substrate processing tool of any of claims 1 to 

3, wherein said reference sample is a piece of sili- 
con coupled to a stage of said holding chamber, and 
said substrate is a wafer. 

so 

5. The substrate processing tool of any of claims 1 to 

4, wherein said measurement tool includes a 
source of infrared radiation and a detector coupled 
to the source of infrared radiation, wherein the de- 

55 tector measures a spectrum that results from re- 
flecting the source of infrared radiation off a surface 
of an object. 
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6. The substrate processing tool of claim 5, wherein 
said object is said reference sample when said sub- 
strate is not in said holding chamber. 

7. The substrate processing tool of claim 5, wherein $ 
said object is said substrate when said substrate is 

in said.holding chamber. 

8. The substrate processing tool of claim 1 , wherein 
said measurement tool is measuring the character- 10 
istic of film resistivity of said reference sample and 
said substrate. 

9. The substrate processing tool of claim 1, wherein 
said characteristic of said film is selected from a 
group consisting of film resistivity and film thick- 
ness. 

10. A substrate processing system, comprising: 

a substrate processing tool for forming a film on 
a substrate; and 

a measurement tool, coupled to said substrate 
processing tool, for measuring a characteristic 
of the film formed on said substrate, said meas- 
urement tool includes a reference sample that 
is measured to provide a reference character- 
istic value when said substrate is not in said 
measurement tool, and a substrate character- 
istic value that is obtained by measuring said 
substrate. 

11. The substrate processing system of claim 10, 
wherein the reference sample is mounted on a 
stage of said measurement tool. 

12. The substrate processing system of claim 10 or 
claim 11, further including: 

a computer system, coupled to said measure- 
ment tool, said computer system comprises a 
storage device for storing said reference char- 
acteristic value and said substrate characteris- 
tic value and a processor for comparing said 
reference characteristic value to said substrate 
characteristic value to determine said charac- 
teristic of the film on said substrate. 

13. The substrate processing system of any of claims 
10 to 12, wherein said reference characteristic val- 
ue is a reference spectrum, said substrate charac- 
teristic value is a substrate spectrum and said film 
characteristic is film thickness. 

14. The substrate processing system of any of claims 
10 to 12, wherein said reference characteristic val- 
ue represents reference resistivity, said substrate 
characteristic value represents substrate resistivity 
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and said film characteristic is film resistivity 

15. The substrate processing system of any of claims 
10 to 14, wherein the film is selected from a group 
consisting of epi, undoped polysilicon, doped 
capped polysilicon, undoped capped polysilicon 
and silicon geranium. 

16. A film thickness measurement tool, comprising: 

a computer system that includes a storage de- 
vice for storing a reference spectrum and a sub- 
strate spectrum, and a processor for comparing 
said reference spectrum with said substrate 
spectrum; a reference sample disposed within 
an evaluation chamber; 
a source, coupled to said computer system and 
said reference sample, said source providing a 
light signal to the reference sample when a sub- 
strate is not in the evaluation chamber, but said 
source providing the light signal to said sub- 
strate when said substrate is in said evaluation 
chamber; and 

a detector, coupled to said computer system, 
for collecting and providing said reference 
spectrum to said computer system when the 
light signal reflects off said reference sample, 
and for collecting and providing said substrate 
spectrum to said computer system when the 
light signal reflects off said substrate. 

17. A film thickness measurement tool, comprising: 

a source of light; 

a detector, coupled to the source of light, for de- 
tecting a reflected source of light; 
a chuck having a reference sample disposed 
within it, said chuck is disposed below said 
source and said detector, wherein said refer- 
ence sample reflects back said source of light 
to said detector when a substrate is not placed 
on the chuck, wherein said chuck is capable of 
supporting a substrate that is disposed over 
said reference sample so that said substrate 
does not contact said reference sample, said 
substrate is capable of reflecting back said 
source of light to said detector; and 
a computer system, coupled to said source of 
light and said d- *ector, said computer system 
is capable of su g and comparing a reference 
spectrum with c ^surality of substrate spectrum, 
wherein each substrate spectrum corresponds 
to a particular substrate in order to measure a 
film thickn ss associated with said particular 
substrate. 

18. A computer-implemented method of measuring a 
film characteristic of a film formed on a substrate 
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using a m asurement tool in which a reference 
sample is disposed within said measurement tool, 
said method comprising: 

measuring said reference sample using said 
measurement tool to obtain a reference char- 
acteristic value; 

storing said reference characteristic value; 
measuring a first substrate using said measure- 
ment tool to obtain a first substrate character- 
istic value; 

comparing said reference characteristic value 
to said first substrate characteristic value to ob- 
tain a first differential value; and 
using said first differential value to determine 
said film characteristic formed on said first sub- 
strate. 

19. The computer-implemented method of claim 18, 
further including the steps of: 

remeasuring said reference sample to obtain 
an updated reference characteristic value; 
storing said updated reference characteristic 
value; 

measuring a second substrate to obtain a sec- 
ond substrate characteristic value; 
comparing said updated reference characteris- 
tic value to said second substrate characteristic 
value to obtain a second differential value; and 
using said second differential value to deter- 
mine said film characteristic of the film formed 
on said second substrate. 

20. The computer-implemented method of claim 19, 
wherein said film characteristic is film thickness. 

21. The computer-implemented method of claim 19, 
wherein said film characteristic is film resistivity. 

22. The computer-implemented method of any of 
claims 1 8 to 21 , wherein the step of comparing said 
reference characteristic value to said first substrate 
characteristic value includes using an algorithm to 
compare differences between said reference char- 
acteristic value and said first substrate characteris- 
tic value. 

23. The computer-implemented method of claim 19, 
wherein the step of comparing said updated refer- 
ence characteristic value to said second substrate 
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to said s cond substrate characteristic value to 
obtain a second differential value; and 
using said second differential value to deter- 
mine said film characteristic of the film formed 
on said second substrate. 

25. A computer-implemented method of measuring a 
film characteristic of a film formed on a substrate, 
comprising: 

forming a film on a first substrate; 

measuring a reference sample disposed in a 

holding chamber; 

collecting a reference sample characteristic 
value; 

measuring said first substrate to obtain a first 
substrate characteristic value; 
comparing said reference sample characteris- 
tic value to said first substrate characteristic 
value utilizing an algorithm; and 
obtaining a first differential value from said step 
of comparing said reference sample character- 
istic value to said first substrate characteristic 
value. 

26. The computer-implemented method ol claim 25, 
further including the step of: 

using said first differential value to help deter- 
mine said film characteristic of said first sub- 
strate. 

27. The computer-implemented method of claim 26, 
wherein said film characteristic is film thickness. 

28. The computer-implemented method of claim 26, 
wherein said film characteristic is film resistivity. 



29. The computer-implemented method of claim 25, 
40 further including the step of: 

remeasuring said reference sample at prede- 
termined time intervals. 

45 30. The computer-implemented method of claim 25, 
further including the step of: 

remeasuring said reference sample after 
measuring said substrate. 



24. The computer-implemented method of claim 16, 
further including the steps of. 

measuring a second substrate to obtain a sec- 
ond substrate characteristic value; 
comparing said reference characteristic value 



50 



55 



31. An apparatus, comprising: 

a stage having a recess capable of supporting 
a substrate; and 

a substrate mounted within said recess of said 
stage. 

32. A measurement tool, comprising: 
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means for measuring a characteristic of a ref- 
erence sample; 
a stage having a recess; and 
a reference sample disposed within said recess 
of said stage. 
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FIG. 1A (Prior Art) 

f Start J 



Operator places a cassette of unprocessed 
wafers into a processing tool 
101 



A file of a predetermined target thickness is 
grown/formed on the wafers in the processing tool 

103 



i 

Operator removes cassette of processed wafers from 



the processing tool and brings them to a film 
thickness measurement tool ("FTMT") 
105 

Operator places a reference sample in the 
FTMT to obtain a reference spectrum 

m 

Operator removes the reference sample from the FTMT 

109 



I 



Operator places one of the processed wafers 
into the FTMT to obtain spectrum for a wafer 

111 



± 



A computer system in the FTMT compares the reference sample's 
spectrum to the spectrum for the (e.g., first) processed wafer 

113 
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FIG. 1B (Prior Art) 

^- 

The comparison between the reference sample's spectrum and the (e.g., first) 
processed wafer's spectrum yields a (first) differential value that discloses 
the thickness of the film that is grown/formed on the (first) processed wafer 

1£ 

I ~ 

Remove (e.g., first) processed wafer from FTMT 

117 
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FIG. 2 



Operator places a cassette of unprocessed wafers into a 
processing chamber of a processing too, which also includes 
a holding chamber and a measurement tool 
200 

i 

While the wafers are being processed, the holding chamber, which 
is coupled to the measurement tool, measures the spectrum of a 
reference sample that is mounted on a stage in the holding chamber 

202 

i 

The reference sample's spectrum is stored in the 
film thickness measurement tool's computer system 

204 

I 

After a film is grown/formed on the wafers, the processed wafers 
are automatically moved one by one into the holding chamber 

m 

I 

A first wafer is placed on the stage in the holding chamber and a spectrum 
for a (e.g., first) wafer is obtained using the film thickness measurement tool 
2Q§ 

I 

The computer system of the film thickness measurement tool 
compares the reference sample's spectrum to the (e.g., first) wafer's 
spectrum to obtain a (e.g., first) differential value 

210 

i 

The (first) differential value discloses the thickness 
of the film on the (first) wafer 
212 
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FIG. 3 




Film thickness measurement tool measures spectrum of a reference 
sample disposed within the film thickness measurement tool 

300 

I 

Reference sample's spectrum is stored in the 
film thickness measurement tool's computer 

i 

Film thickness measurement tool measures 
spectrum of a (e.g., first) processed wafer 
302 

i 

The computer system of the film thickness measurement tool compares 
the reference sample's spectrum to the (e.g., first) processed wafer's 
spectrum to obtain a (e.g., first) differential value 

305 

i 

The (first) differential value discloses the thickness of the 
film grown/formed on the (first) wafer during processing 

306 
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FIG. 6 



Computer System 
411 
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(54) 



Permanently mounted reference sample for a substrate measurement tool 



(57) A method and apparatus for measuring a refer- 
ence sample in order to collect a reference characteris- 
tic, without moving the reference sample, is disclosed. 
In one embodiment, the method of the present invention 
comprises the following steps. An operator places a cas- 
sette of unprocessed wafers into a processing chamber 
of a processing tool that also includes a holding cham- 
ber (400). While the wafers are being processed, the 
holding chamber, which is coupled to a measurement 
tool, measures the reference sample (403) that is 
mounted on a stage (401) in the holding chamber. The 
resulting reference characteristic value (e.g., spectrum 
to determine film thickness) is then stored in the meas- 
urement tool's computer system. After a film is grown/ 
formed on the wafers, the processed wafers are moved 
one by one into the holding chamber to be measured. 
A first wafer (502) is placed on the stage (401) in the 
holding chamber and a characteristic value for the first 
processed wafer is obtained using the measurement 
tool. The computer system of the measurement tool us- 
es an algorithm to compare the reference characteristic 
value to the first wafer characteristic value to obtain a 
first differential value. The first differential value is then 
used to help determine the characteristic (e.g.,. film 
thickness) of the film formed on the first processed wa- 
fer, in another embodiment, a similar process is followed 
to measure another characteristic of a wafer, such as 
resistivity. These examples are illustrative and not lim- 
iting. Thus, the present invention can be used whenever 



a reference sample is to be measured to help determine 
a selected characteristic of a substrate or wafer. 



FIG. 4 




— 400 



Printed by Jouve. 750O1 PARIS (FR) 



(Cont. next page) 



EP 0 859 406 A3 




EP 0 859 406 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 0633 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 



A 

Y 
A 
Y 



PATENT ABSTRACTS OF JAPAN 

vol. Oil, no. 363 (E-560), 26 November 

1987 

& JP 62 137835 A (MITSUBISHI ELECTRIC 
CORP), 20 June 1987, 

* abstract * 

EP 0 706 209 A (APPLIED MATERIALS INC) 10 
April 1996 

* the whole document * 

US 5 241 366 A (BEVIS CHRISTOPHER F ET 
AL) 31 August 1993 

* the whole document * 

US 5 314 831 A (HIRAE SADAO ET AL) 24 May 
1994 

* the whole document * 

EP 0 572 144 A (HUGHES AIRCRAFT CO) 1 
December 1993 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 281 (P-1744), 27 May 1994 
& JP 06 050803 A (SHIMADZU CORP), 25 
February 1994, 

* abstract * 

OE 44 12 238 A ( ROTTMANN MATTHIAS ; KRAFT 
ALEXANDER (DE)) 25 August 1994 

* the whole document * 



The p i' esu n t auu i cJ i mpu rt ha* ixan d r u w n up ♦ 



i a ll c l aim* 



Place at search 

THE HAGUE 



1-4,8,9, 
18-30 



10-17 

1-4,8,9, 
18-30 
10-17 

1-4,8,9. 
18-30 



1-30 



1-30 



H01L21/66 
H01L21/68 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.8) 



6,7 



5,8,9, 
14,28 



H01L 
GO IB 



Date of completion oJ the search 

12 November 1998 



PR0HASKA, G 



2 
S 

S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken alone 
Y : particularly relevant rf combined with em at? 
document of the earn* category 

A : technological background 
O : non-wntten disclosure, 
? ; intermediate document 



T : theory orprincple underlying the invention 
E : earlier patent document, but published on, or 

after the tiling date 
D : document orted in the application 
L : document eited for other restom 

a ": "member erf the some patent family, corraspondmg 



3 



EP 0 859 406 A3 



European Patent AppHc«t»oo Number 

Office EP 98 30 0633 



CLAIMS INCURRING FEES 

The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have been paid within the prescribed time limit. The preient European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 




□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several invention t or groups of inventions, namely: 



see sheet B 



□ All further search fees have been paid within the fixed time limit The present European search report has 
been drawn up for all claims. 



□ Only part of the further search fees have been paid within the fixed time limit The present European 
search report has been drawn up tor those parts of the European patenl application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



None of the further search tees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application whioh relate to the invention 
first mentioned in the claims, namely claims: 

1-30 



4 



T 



4 



EP 0 859 406 A3 




European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 98 30 0633 



Application Number 



The Search Division consider* that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-39 

A substrate processing tool comprising a process chamber and 
a measurement tool coupled to a holding chamber. 

2. Claims: 31, 32 

A wafer chuck 



5 



EP 0 859 406 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 0633 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office E DP file an 

The European Patent Office is in no way liable for these particulars which are merely gtven for the purpose of information. 

12-11-1998 



Patent document 
cited in search report 


Publication 
drfa 


Patent family 
members) 


Publication 
data 


EP 0706209 


A 


10-04-1996 


jp 


8226943 


A 


03-09-1996 








us 


5698989 


A 


16-12-1997 


US 5241366 


A 


31-08-1993 


NONE 








US 5314831 


A 


24-05-1994 


JP 


5121509 


A 


18-05-1993 


EP 0572144 


A 


01-12-1993 


US 


5293214 


A 


08-03-1994 








IL 


105612 


A 


31-07-1995 








JP 


2000710 


C 


20-12-1995 








JP 


6042923 


A 


18-02-1994 








JP 


7023843 


B 


15-03-1995 








NO 


931912 


A 


30-11-1993 


DE 4412238 


A 


25-08-1994 


NONE 










& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



6 



